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The purpose of this chapter is to describe the analytical methods that are available for detecting, and/or

measuring, an&or monitoring naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene, and other

biomarkers of exposure and effect. The intent is not to provide an exhaustive list of analytical

methods. Rather, the intention is to identify well-established methods that are used as the standard

methods of analysis. Many of the analytical methods used for environmental samples are the methods

approved by federal agencies and organizations such as EPA and the National Institute for

Occupational Safety and Health (NIOSH). Other methods presented in this chapter are those that are

approved by groups such as the Association of Official Analytical Chemists (AOAC) and the

American Public Health Association (APHA). Additionally, analytical methods are included that

modify previously used methods to obtain lower detection limits, and/or to improve accuracy and

precision.

6.1 BIOLOGICAL MATERIALS

Naphthalene is moderately volatile with a boiling point of 218°C and low water solubility of

31.7 mg/L (20°C). Its log octanol/water partition coefficient is 3.29, implying a moderate affinity for

lipid tissues. It undergoes short term bioaccumulation in tissues but biochemical processes lead to its

biodegradation and eventual elimination. Methylnaphthalenes have similar properties (see Table 3-2).

All of these properties have implications for determination of naphthalene and methylnaphthalenes in

biological materials.

Historically, diethyl ether has been a widely used solvent for the extraction of lipophilic organic

analytes such as naphthalene from biological fluids (Zlatkis and Kim 1976). Homogenization of tissue

with the extractant and lysing of cells improves extraction efficiency. When, as is often the case,

multiple analytes are determined using solvent extraction, selective extraction and loss of compounds

that have a low boiling point can cause errors. The commercial availability of highly purified solvents

has largely eliminated problems with solvent impurities, although high costs, solvent toxicities, and

restrictions on spent solvent disposal must be considered. Extraction is the first step in the overall

cleanup process that places the analyte in a form and matrix suitable for introduction into the

instrument used to quantitate it. Cleanup of biological samples may often be complex and involve a
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number of steps (Walters 1986). Directly coupled supercritical fluid extraction-gas chromatography

has been used for the determination of polychlorinated biphenyls (Hawthorne 1988) and might also be

applicable to determination of naphthalene and methylnaphthalenes in biological samples.

Naphthalene metabolites are less lipophilic than naphthalene itself. Metabolites are isolated from body

fluids and tissue homogenates by extraction and separated by thin layer chromatography (TLC) and

high pressure liquid chromatography (HPLC) (Homing et al. 1980; Melancon et al. 1982; Stillwell

et al. 1982). Final identification of metabolites, which include numerous oxygenated and sulfur-

containing species, is accomplished by gas chromatography (GC) and mass spectrometry (MS).

New immunological methods are being developed for detecting selected naphthalene metabolites in

urine or naphthalene protein adducts in the blood of lung lavage specimens (Cho et al. 1994b; Marco

et al. 1993). Additional work in perfecting these techniques is necessary before they will be useful in

research and clinical practice.

Analytical methods for the determination of naphthalene and for 1-methylnaphthalene and

2-methylnaphthalene in biological samples are given in Table 6-l. A method for the determination of

radiolabelled 2-methylnaphthalene in rat urine has been described by Melancon et al. (1982). TLC and

HPLC were used to characterize 2-methylnaphthalene and its metabolites, including

2-naphthoylglycine, 2-naphthoic acid, and others.

6.2 ENVIRONMENTAL SAMPLES

Gas chromatography and HPLC are the analytical methods most commonly used for detection of

naphthalene and methylnaphthalenes in environmental samples. Several variations of these methods

using different collection, extraction and/or cleanup procedures and different detection methods have

been approved by EPA and NIOSH for analysis of naphthalene in ambient water, drinking water,

wastewater, soil, and air (EPA 1982a, 1982b, 1986a, 1986b, 1986c, 1986d, 1990a, 1990b, 1990c,

1990d, 1990e; NIOSH 1984a, 1984b). The American Public Health Association (APHA) has

recommended standard methods for analysis of naphthalene in water and waste water, each of which

has been accepted by EPA as equivalent to one of the EPA-approved methods (APHA 1992a, 1992b,

1992c, 1992d, 1992e, 1992f). Analytical methods for naphthalene and 2-methylnaphthalene are

presented in Tables 6-2 and 6-3, respectively. Although no standard methods were located that
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provided information on detection limits or accuracy for 1-methylnaphthalene, this compound may be

analyzed in environmental media by GC and HPLC methods (HSDB 1995).

Air samples for analysis may be collected on filters or charcoal tubes. Since naphthalene may exist in

both the vapor and particle phases in air (Harkov 1986), collection on a charcoal tube is the preferred

method for sampling naphthalene from air for analysis (NIOSH 1977, 1984a, 1984b).

Naphthalene is usually extracted from the matrix with organic solvents (liquid-liquid or liquid-solid

extraction) or by purge and trap with an inert gas. Supercritical fluid extraction (3%) techniques for

extraction of organic compounds from environmental matrices are currently being studied by EPA. A

protocol for SFE with carbon dioxide for many organic compounds, including naphthalene, from soils

and sediments has been developed (Lopez-Avila et al. 1991).

A technique for the detection of naphthalene in PAH-contaminated media has recently been developed

(Heitzer et al. 1994). The technique measures bioluminescence in the genetically engineered

microorganism Pseudomonas Fluorescens HK44, which carries a transcriptional gene for naphthalene

and salicylate metabolism. After its addition to sterile water, naphthalene was detected down to

1.55 µg/L, the lowest concentration studied. In an experiment using JP-4 jet fuel, naphthalene was

detected down to 0.55 µg/L in the effluent of the biosensor (Heitzer et al. 1994).

Detectors used for identification and quantification of naphthalene and methylnaphthalenes include the

flame ionization detector (FID), photoionization detector (PID), ultraviolet detection (UV), Fourier

transform infrared detection (FTIR), and fluorescence detection (FD). Mass spectrometry is used for

confirmation.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with

the Administrator of EPA and agencies and programs of the Public Health Service) to assess whether

adequate information on the health effects of naphthalene is available. Where adequate information is

not available, ATSDR, in conjunction with the NTP, is required to assure the initiation of a program

of research designed to determine the health effects (and techniques for developing methods to

determine such health effects) of naphthalene.
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The following categories of possible data needs have been identified by a joint team of scientists from

ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would

reduce the uncertainties of human health assessment. This definition should not be interpreted to mean

that all data needs discussed in this section must be filled. In the future, the identified data needs will

be evaluated and prioritized, and a substance-specific research agenda will be proposed.

63.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect.  Sensitive and selective

methods are available for the qualitative and/or quantitative measurement of naphthalene and many of

its metabolites present in biological materials such as adipose tissue and urine (Horning et al. 1980;

Liao et al. 1988; Stanley 1986). In contrast to the relative ease of measuring naphthalene once it has

been isolated from its sample matrix, the development of improved techniques for sample preparation

would be beneficial.

Metabolites of naphthalene in biological materials are not readily determined in routine practice

because of the lack of standard methods for their quantification. Furthermore, there is a need for

modem validated standard methods for analysis of naphthalene itself in biological materials. It would

also be helpful to have a method that can be used to associate levels of naphthalene or its metabolites

in biological media with levels of naphthalene exposure in the environment.

A method for the determination of 2-methylnaphthalene and its degradation products in rat urine has

been reported (Melancon et al. 1982). It would be useful to determine if this method could also be

applied to human urine and other biological samples.

There are currently no methods that can be used to correlate levels of naphthalene,

2-methylnaphthalene, or their metabolites in biological tissues or fluid with the probable onset of

adverse health effects. The development of such methods would be useful insofar as they estimate the

doses required to produce cataracts and hemolytic effects.
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Methods for Determining Parent Compounds and Degradation Products in

Environmental Media.     Methods for determining naphthalene in water, air, and waste samples with

excellent selectivity and sensitivity have been developed and are undergoing constant improvement

(EPA 1982a, 1982b, 1986a, 1986b, 1986c, 1986d, 1990a, 1990b, 1990c, 1990d, 1990e; NIOSH 1984a,

1984b). For each medium, the existing methods are adequate to measure background levels in the

environment and levels at which health effects occur. Standard methods for 1-methylnaphthalene and

2-methylnaphthalene would be helpful in assessing data comparability.

It would be useful to have the means to rapidly and directly measure organic compounds such as

naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene in water and other environmental media

without the necessity for tedious sample processing. The recently developed bioluminescent probe for

naphthalene (Heitzer et al. 1994) may help satisfy this data need.

Degradation products of naphthalene in environmental media are difficult to determine. This difficulty

is not so much an analytical problem as it is a problem of knowing the fundamental environmental

chemistry of these compounds in water, soil, air, and biological systems.

There are some difficulties associated with sampling naphthalene from the atmosphere, where it is

partially associated with particulate matter. High-volume sampling with glass fiber filters provides

conditions conducive to artifact formation (Harkov 1986), thus introducing errors into the analysis of

atmospheric naphthalene. This is an area in which further improvements would be useful.

6.3.2 On-going Studies

Research is ongoing to develop a “Master Analytical Scheme” for a wide range of organic compounds,

including naphthalene, in water (Michael et al. 1988). The overall goal is to detect and measure

organic compounds at 0.1 µg/L in drinking water, 1 µg/L in surface waters, and 10 µg/L in effluent

waters. Analytes are to include numerous nonvolatile compounds and some compounds that are only

“semi-soluble” in water, as well as volatile compounds (bp<l50ºC). In addition a bioluminescent

biosensor technology is being developed to detect naphthalene and its bioavailability in soils (Heitzer

et al. 1992).


